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Need for decarbonization

« Reduction of greenhouse gas emissions

« Transformations in urban environments and energy consumption
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Electric vehicles and
heat pumps will play a
key role in the
decarbonization of the
urban environment
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EV sales evolution Heat pump sales evolution

IEA (2024), Heat pump sales by country or region, 2019-2023, IEA, Paris
IEA (2024), Electric car sales, 2012-2024, IEA, Paris https://www.iea.org/data-and-  https://www.iea.org/data-and-statistics/charts/heat-pump-sales-by-country-or-
statistics/charts/electric-car-sales-2012-2024, Licence: CC BY 4.0 region-2019-2023, Licence: CC BY 4.0
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High complexity transition
Energy Systems Modelling :
«  Simulation and analysis of complex systems
* Long-term planning and design

De‘-““’“ making Process Systems
h'm'fl:y Engineering

Strategic

Level of

aggregation of
technologies

Suppy chain Energy sector Entire economy

® e
. H
(1] Subramanian, A.S.R.; Gundersen, T.; Adams, T.A., Il. Modeling and Simulation of Energy Systems: A Review. Processes 2018, 6, 238. https://doi.org/10.3390/pr6120238
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Clear need for planning ahead

Decades |

Year

Day

Targeted time horizon

Operational
conditions —|
(under day)

po- -
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Building -
District
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Regional
National

Targeted geographic scale
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Building
District

Equipment -
Regional

Geographic resolution

J. Pedrero, E. Arrizabalaga, D. Garcia, N. Hermoso, |. Mufioz, and P. Hernandez, “Review of georeferrenced energy planning tools and methods for the assessment of
decarbonization scenarios,” in 9th International Conference on Smart Energy Systems, 2023, pp. 12-13. [Online]. Available: https://www.researchgate.net/publication/378527110

National




Targeted time horizon

tecnal:a

MEMBER OF BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

Clear need for planning ahead

oo
: ' Rivus, Thermos, NEPLAN, "
L “ysim

CitySim, CEA, Enerks
— n, LEAP, Balmorel, Times

Decades —|

" Lack of long term georeferenced

Year - ' ..--

tool for the evaluation of high

Day | @

s electrification scenarios at city level

(under day) S i

Building 4‘

Regional
National

J. Pedrero, E. Arrizabalaga, D. Garcia, N. Hermoso, |. Mufioz, and P. Hernandez, “Review of georeferrenced energy planning tools and methods for the assessment of

decarbonization scenarios,” in 9th International Conference on Smart Energy Systems, 2023, pp. 12-13. [Online]. Available: https://www.researchgate.net/publication/378527110
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Research objective

Development of methodology for the geo-
referenced assessment of high
electrification scenarios

Business as usual scenario Alternative scenario generation proposal
u

Macro-scale energy system modelling
(BaU scenario) 2030/2040/2050
= |

Alternative scenario design

Building clusterization and Hourly building energy
i balance

Power Flow (PF)

Geographical distribution of future energy
technologies:

analysis

[..multiple alternative scenario proposal...]

Demonstration of the methodology
through a case study

[l o- 100kwh

[ 100- 200kwh
[ 200- 300 kWh
[ 300 - 400 kWh
[ 400 - s00kwh
[T 500 - 600 kWh
[[] 600- 700 kwh
[_] 700- 800 kwh
[] 800- 900 kwh
[ 900 - 1.000 kWh
[ 1.000- 1.100 kwh
[ 1.100- 1.200 kWh
[ 1.200- 1.300 kWh
[ 1.300- 1.400 kWh
[ 1.400- 1.500 kW
[ 1500 kwh - inf

20-40

40-60

60-80
w80 - 100
= 100 - 300

@o-o0ss
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Overall methodology

Business as usual scenario Alternative scenario generation proposal

Diagnosis

Case studypre-analysis: Macro-scale energy system modelling

(Bau Scenal‘i:)%mm? Alternative scenario design

i mm Building clusterization and Hourly building energy Power Flow (PF)

s ——————— centroid identification balance
st
Geographical distribution of future energy
X . technologies: (
Selection of a redUcedareafor detailed - Georeferenced information MCDA decision
analysis
A%

Building energy behavior

Optimal energy
solution design

Hourly buildingenergybalance . ¢ =
Energy diagnosisand infrastructure A i ﬁ E+j
characterization: L
- Building stock energy model = “ o ”
- Power Flow (PF) . ta‘
Infrastructure PF analysis :

(BaU scenario)

/‘\)/ = [...multiple alternative scenario proposal...]
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Modelling
techniques used
1. Building stock energy model
2. City energy strategy integrated model
3. Georeferenced multi criteria decision making
4,  Power flow calculation
5. Representative building characterization

6. Building energy system design optimization

7. Hourly balance calculation
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Methodology workflow

Diagnosis

Business as usual scenario

Alternative scenario generation proposal

Case study pre-analysis:

ofareddced

analysis

Energy diagnosisandinfrastructure

characterization:
- Building stock energy model
- Power Flow (PF)

Macro-scale energy system modelling
(BaU scenario) 2030/2040/2050

i

Geographical distribution of future energy
technologies:

- Georeferenced information MCDA decision

making &

Hourly building energybalance - ¢

\ 4

Infrastructure PF analysis
(BaU scenario)

Alternative scenario design

Building clusterization and
centroid identification

Optimal energy
solution design

& 02
s

Hourly building energy
balance

z S o

Power Flow (PF)

g
s

o
2 1
B
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Building energy behavior

e SSCEN .

[...multiple alternative scenario proposal...]
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Methodology workflow Diagnosis:
I .
. ' Represents the current status of the case
I Case study pre-analysis: I St u d y
' |
i . Steps:
S R I 1. Case-study comprehension and pre-analysis
! | 2. Selection of a reduced area for detailed analysis
= £ I 3. Building stock energy model
n ' .
| e g 4, Energy balance calculation
i I 5. Power Flow Calculation
' |
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Methodology workflow

Business as Usual:

| Represents where we are going

Macro-scale energy system modelling
(Bau

| = UEEEER Serves as a reference framework

Steps:

making

4. Power Flow Calculation

1. City energy strategy integrated model
2. Georeferenced multi criteria decision

3. Energy balance calculation

14
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] Eﬂ?tio_dgl?gj ngr[dl_ova_ o Alternative scenario proposal:

I .
I | Roorosents where can we go ifwe

| | make changes

Alternative scenario design

I Building clusterization and Hourly building energy Power Flow (PF)
centroid identification balance

= -3 - Steps:

! i s ) - 1. Representative building

|| » S | characterization

| s I2. Building energy system design
- am o il s, | optimization

4

LA e SR T I

: | 3. Energy balance calculation
|

= [...multiple alternative scenario proposal...] i 4. p Owe r F I OW Ca I C u I a ti O n
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Case study: Bilbao Selected area:

Bilbao's residential neighborhood

Main selection criteria: data availability

Construction period
Main building No Pre-1944 1945- | 1970- | 1980- Total
use dat 1969 1979 2006
a
No data 3 3
Commercial 1 1
Education 2 1 3
Hotel 1 1
House 100 1 101
Office 1 1 2
Apartment 11 206 71 56 344
buildings
Sport facilities 1 1
Total 3 113 208 73 59 456
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Mainly natural gas
[ : |
Electricity Heating DHW Cooling
consumption consumption consumption | consumption
[GWh] [GWh] [GWh] [GWh]
26,8 23,4 12,9 0

Synthetic network build due to lack of data
availability: ‘

modified IEEE 34-bus

17
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Diagnosis

B o- 100 kwh

[ 100- 200 kWh
[ 200- 300 kWh
[ 300- 400 kWh
[ 400- 500 kWh
[ 500- 600 kWh
[ 600- 700 kwh
[] 700- 800 kwh
[] 800- 900 kwh
[ 900- 1.000 kwh

[] 1.000 - 1.100 kwh
[ 1100 - 1.200 kWh
[ 1:200 - 1300 kWh
[ 1300 - 1.400 kWh
[ 1400 - 1.500 kWh
B 1500 kWh - inf

0-20
20-40
40-60
60 - 80
80-100
100 - 300

0-085
085-09
09-09
0,95-0975
0,975-1,025
1,025-1,05
1,05-1,10
1,10-1,20
1,20-2

e B o
[}
Diagnosis
Maximum line loading (%) 57,35
Average line loading (%) 0,874
70
60
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Scenario proposal
Business as usual.

National Energy Net zero 2050

Plan 2030 through
electrification

Electric vehicle Electric heating Electric heating

N 00% 100%
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Scenario proposal
Alternative scenario

Net zero 2050 Net zero 2050
No Batteries Batteries
-100% EV - night charge
-100% EV - night charge - Heating through HP
- Heating through HP - PV generation
- PV generation - Optimized battery

(optimization criteria:
minimize electricity bill)
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Scenario results

I o- 100kwh

Il 100- 200kWh
[ 200 - 300 kWh
[ 300 - 400 kWh
[ 400 - 500 kwh
[ 500- 600 kWh
[ 600- 700 kWh
[] 700- 800 kwh
[] 200- 900 kWh
[C] 900- 1.000 kwh
[ 1.000- 1.100 kWh
[ 1.100- 1.200 kWh
[ 1.200- 1300 kWh
[l 1:300- 1.400 kWh
[l 1400 - 1500 kWh
B 1500 kWh - inf

Nodo de
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w—_20-40
40-60
60 - 80

w80 - 100

= 100 - 300
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Scenario results

80 350
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[ o- 100kwWh
[l o- 100kwh [ 100- 200 kWh g Q
I 100- 200 kwh [ 200- 300 kh
[ 200 - 300 kWh [ 300 - 400 kW
[ 300 - 400 kwWh [T 400 - 500 kW
E g xm [T 500 - 600 kwh
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[] 900 - 1.000 kwh E ?00‘0»1?010::;"
1.000 - 1.100 kWh i :
E 1.100 - 1200 kWh i :00- 1200
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Scenario results
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mE BaU 2050 m Alternative scenariol m Alternative scenario 2
BaU 2050 Alternative scenario 1 Alternative scenario 2
Grid electricity consumption 59,7GWh 28,8 GWh 30,2 GWh
Percentage compared to 223% 107% 113%
base year
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Main conclusions

« Alternative scenarios: successfully reduce grid load
« Essential elements for climate neutrality:

« Heat pump -> high efficiency levels

* Incentives for vehicle charging during off-peak hours
« Self-managed batteries: new challenge for the grid

* Need for regulation that takes prosumers and
operators into account



Main conclusions

* In the short term (2030), electrification of mobility is
manageable for the grid infrastructure.

 Inthe long term (2050), full electrification could
overload the grid, with consumption exceeding 300%

of capacity.

* Adapting regulatory and incentive schemes for flexibility
systems is a major challenge
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To know more: https://drive2x.eu/ El
SES conference 2023: Smart Energy Systems — international conference
Review of georeferrenced energy planning tools and methods for the assessment of decarbonization scenarios (1)

EEM24 conference: eem?24.khas.edu.tr — EEM24
Methodology for the geo-referenced urban-scale assessment of high electrification scenarios (2)

Sustainable Cities and Society
From rooftops to roads: Bilbao's geospatial solar and EV fusion
https://doi.org/10.1016/j.s¢s.2024.105290 (3)



https://smartenergysystems.eu/
https://eem24.khas.edu.tr/
https://www.sciencedirect.com/journal/sustainable-cities-and-society
https://doi.org/10.1016/j.scs.2024.105290
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Prospective energy modelling laboratory | Tecnalia

Juan.pedrero@tecnalia.com
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https://www.tecnalia.com/en/infrastructure/prospective-energy-modelling-laboratory
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